In this work nanometric spinel Co 1−x Cu x Fe 2 O 4 powders were obtained by polymeric precursors method at several annealing temperatures between 700 and 1200 • C. The samples were characterized by means of X-ray powder diffraction, confirming the ideal inverse spinel structure for CoFe 2 O 4 sample and the tetragonal distorted inverse spinel structure for CuFe 2 O 4 sample. Based on FWHM evaluation, we estimated that crystallite sizes varies between 27 and 37 nm for the non-substituted samples. The optical-active modes were determined by infrared and Raman spectroscopies. The phonon spectra showed a local tetragonal distortion for mixed samples.
Introduction
Multiferroics are singular materials that exhibit simultaneously two ferroic orders, usually electric and magnetic, with a magnetoelectric coupling between them in some cases. These materials have attracted much attention due to their potential technological applications. As such, multiferroic compounds bring new functionalities to spintronics and new device possibilities, such as memories, sensors, actuators and tunable filters. [1] [2] [3] [4] [5] The most investigated multiferroic compound is the perovskite BiFeO 3 . [6] [7] [8] [9] [10] [11] [12] [13] [14] However, the long search for the control of electrical properties by magnetic fields has been recently led to in a group of materials known as "frustrated magnets", such as: the perovskites REMnO 3 15-17 The restricted number of pure multiferroic compounds is a consequence of the atomic arrangement specificity, since, theoretically, only 13 point groups can lead to the multiferroic behavior.
In addition, by definition, ferroelectrics are insulators (3d transition metal oxides typically have ions which have an electronic distribution d 0 ), while ferromagnets need conduction electrons. The difficulties associated with the combination of electric and magnetic responses in a single phase compound can be solved by making two-phase multiferroic composites consisting of a ferroelectric component (e.g. PbZr 1−x Ti x O 3 -PZT) and a ferromagnetic component (e.g. CoFe 2 O 4 ). [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] In such composites, the magnetoelectric effect is due to the interaction between elastic components of ferroelectric and ferromagnetic constituents. In such case, an electric field induces a voltage in the ferroelectric which is transferred to the ferromagnet, that causes the magnetization of the material.
Since the magnetoelectric effect is higher if the coupling at the interface is higher, compounds with large surface areas (as in multilayer thin films and nanometric powders) and strongly ferroelastic are particularly interesting. This approach opens new routes to get a magnetoelectric response with the specific choice, relationship and microstructure of the constituents. In fact, the magnetoelectric coefficients at room temperature which was achieved exceed those found in low-temperature single phase samples in three to five orders of magnitude. Thus, magnetoelectric multiferroic composites are on the boundary of the technological applications. 3, 4, 39, 40 So, as the spinels have been continuously employed to obtain good multiferroic composites, a careful attention has been given in last years to the synthesis of spinels in last years for different methods. Besides their extensively investigated ferromagnetic properties, Li-based spinels has been extensively investigated to be applied as electrode in batteries. 64 By the other side, CuFe 2 O 4 has a tetragonally deformed spinel structure, that is stretched along the < 011 > direction. 65 Yokoyama et al. 66 observed changes in the crystal structure of nanosized CuFe 2 O 4 powders obtained by coprecipitation followed by annealing. They observed that the copper spinel is cubic at temperatures below 300 o C and tetrahedral over 400 o C. The formation of considerable quantities of Cu + in the lattice is the mechanism responsible for the transition from tetragonal to cubic structure. 66 As showed by Kester et al., 67 68 High temperature treatments lead to structural and magnetic surface disorders, which can be induced by the dispersion of different copper ions in the sublattices, by the arising of cations and oxygen vacancies, by the structure amorphisation, among others. Also, when the spinel is synthesized using classical solid state route with accurate stoichiometry (x = 1), it has a tetragonal structure. 69 However, independently of the cation present in the lattice, the physicochemical properties of such spinel-type ferrites depend on their microstructural properties, which are related, in turn, to the preparation methods of these compounds. Thus, several routes were used to produce these binary oxides such as hydrolysis, 70 ball-milling, solid state reaction, co-precipitation and sol gel methods, combustion processing etc. 71 Since the synthesis route is crucial over the spectroscopic and structural properties of the spinel-type ferrites, the aim of this work was to evaluate the effect of cobalt isovalent substitution in CuFe 2 O 4 spinels nanoparticles obtained by polymeric precursors method.
Materials and Methods
All samples were synthesized using the Polymeric Precursor Method, as follow: ferric chloride hexahydrate ( Crystallite sizes (D) of the samples were determined from X-ray line broadening analyzes, employing the Scherrer's equation:
where λ is the X-ray radiation wavelength (λ =1.78896 Å), K is the Scherrer constant, β is the FWHM of the peak (in radians) and θ is the peak angular position.
The infrared spectra were obtained using an IR prestige-21 infrared spectrometer (Shimadzu), applying KBr as dispersant agent (1:100 wt./wt.) in the mid range: 400 up to 1000 cm −1 .
The confocal Raman spectra were acquired using an alpha 300 system microscope (Witec, Ulm, Germany), equipped with a highly linear (0.02%) stage, piezo-driven, and an objective lens from Nikon (20x, NA = 0.40). A Nd:YAG polarized laser (λ = 532 nm) was focused with a diffraction-limited spot size (0.61λ /NA) and the Raman light was detected by a high sensitivity, back illuminated spectroscopic CCD behind a 600 g/mm grating. The final power at the end of the objective lens used to focus on the sample was 3 mW. The spectrometer used was an ultrahigh throughput Witec UHTS 300 with up to 70% throughput, designed specifically for Raman microscopy. The integration time and number of accumulations were in average 60 s and 3, respectively. According to the FeO 4 symmetry, ν 1 (A 1 ) and ν 3 (F 2 ) are assigned to the Fe-O symmetric and asymmetric stretchings, respectively; while ν 2 (E) and ν 1 (F 2 ) vibrational modes are attributed to the symmetric and asymmetric Fe-O bendings. The T (F 2 ) vibrational mode is assigned to the FeO 4 tetrahedron translation motion. Finally, the Raman and infrared modes for both cubic and tetragonal inverse spinels, disregarding the acoustic and silent modes, are shown in Table 4 . 
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Results and Discussions
Structural properties Mathew et al. 74 In addition, for the cobalt substituted ferrites, it can be noticed than even minor confirmed by their Raman spectra and supported by the XRD results. 77 Nonetheless, for higher annealing temperatures (900 -1200 • C), eight characteristical vibrational modes (Table 5) attributed to the monophasic CuFe 2 O 4 structure are depicted from the spectra and such result agrees with group theory prediction. CoFe 2 O 4 sample spectra (Figure 5a ) exhibit only five broad bands around 180, 315, 480, 640 and 680 cm 1 , all of them assigned to the cubic inverse-spinel ferrites 73, [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] . In this structure the modes around 180 and 300 cm −1 are assigned to the T (F 2g ) and ν 2 (E g ) modes, respectively. Also, the modes ν 4 (F 2g ), ν 3 (F 2g ) and ν 1 (A 1g ) are observed at 460, 590 and 680 cm −1 , respectively. Table 5 summarizes the symmetry assignments to the observed Raman-active modes of the several spinel samples investigated in this work. The wavenumber of the peaks indicated were found by fitting Raman spectra with Lorentzian functions. In general, the phonon spectral positions are essentially independent of the annealing temperature for all compounds. Figure 6 shows the Raman spectra obtained from all mixed spinels (x = 0.75, 0.5 and 0.25). 
Vibrational properties

Conclusions
In this work we have synthesized nanometric Co 1−x Cu x Fe 2 O 4 spinels using a polymeric precursors method precursors. The crystalline structures were investigated by X-ray powder diffraction, which confirms that the pure CoFe 2 O 4 and CuFe 2 O 4 samples have cubic and tetragonal inverted spinel structures, respectively. The crystallite sizes of the mixed samples are bigger than those of the pure samples. The synthesized samples were investigated by Raman and infrared spectroscopies.
This analysis showed that there is a tetragonal local distortion into the mixed sample. A complete mode assignment for all the samples was performed based on the internal vibrations of the FeO 4 molecular group.
